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(54) SUBSTRATE WITH COOLING DEVICE AND PREPARATION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve cooling capacity by 
integrating a composite material substrate, consisting of ceramic 
with a low thermal coefficient of expansion and metal, or a carbon 
material and metal, and a cooling device with metal. 
SOLUTION: Two substrates of a preform 5 made of a composite 
material are manufactured, and a semicircular groove is cut to 
each preform substrate. A stainless steel pipe 7, that is shaped to 
the groove in advance is pinched by the two preform substrates for 
tentative locking which is installed in a mold and aluminum molten 
metal, is poured for casting, subjected to cooling, then cutting 
machining is made to form parts, thus completely filling aluminum 
in the gap of a preform 5, filling the area between the stainless 
steel pipe 7 and the substrate with aluminum without gaps for 
integration. Therefore, the thermal coefficient of expansion of a 

substrate surface is 5x10-6/°C, which is close to that of silicon, alumina, and aluminum nitride to be 
jointed to the substrate surface. The substrate has a thermal conductivity of 200 W/m.K and can be 
used as a substrate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate with a cooling system with which the cooling system used as a cooling medium is uniting 
with the metal the composite substrate which consists of a ceramic, a metal, or carbon material and a metal for the 
purpose of the heat removal of an electronic substrate, and the liquid. 

[Claim 2] The substrate with a cooling system with which the cooling system used as a cooling medium is uniting 
with the metal the composite substrate which consists of a ceramic, a metal, or carbon material and a metal for the 
purpose of the heat removal of an electronic substrate, and the gas. 

[Claim 3] The substrate with a cooling system which two composite substrates which consist of ceramics, metals, 
or carbon material and metals for the purpose of the heat removal of an electronic substrate are unifying on both 
sides of the cooling system through a liquid. 

[Claim 4] The substrate whose thermal conductivity the coefficient of thermal expansion of the composite substrate 
which consists of a ceramic, a metal, or the carbon material and metal of claim 1, claim 2, and claim 3 is less than 
[ 10xl0-6/degree C ], and is either more than [ 120W / (m-K) more than ]. 

[Claim 5] The metal of the composite substrate of claim 1, claim 2, and claim 3 is chosen from aluminum, 
magnesium, copper, silver, or the alloy containing those one or more. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach about a semiconductor device or the 
heat removal method of electronic equipment at the cooling-system list through a substrate and a liquid. 
[0002] 

[Description of the Prior Art] When carrying out heat transfer of the heat generated from an electronic circuitry to a 
liquid-like cooling medium conventionally, the substrate in which a circuit is carried, a cooling system, for 
example, a pipe, plate-like, and the equipment that consists of passage of a square shape are manufactured 
according to an individual, is ****ed on both sides of solder, low material, the adhesives made of resin, or a heat 
transfer sheet, and is joined by the stop. Moreover, thermal conductivity is high to the substrate in which a circuit is 
carried, and the composite substrate with which coefficient of thermal expansion consists of the ceramics near it, a 
metal, or the carbon material and metal of an alumina is used as heat release increases. 

[0003] Moreover, the cooling system which consists of a pipe etc. is joined to a substrate with low material and 
solder, and some with which the metal substrate and the cooling system were united are one of those which use 
copper and aluminum as a substrate. 
[0004] 

[Problem(s) to be Solved by the Invention] A metal substrate is used as the composite substrate which consists of a 
low ceramic, a metal, or the carbon material and metal of coefficient of thermal expansion, and dependability is 
improved. Refrigeration capacity is raised with unifying a composite substrate and a cooling system. 
[0005] By considering as a composite substrate, it brings close to the semiconductor device in which the coefficient 
of thermal expansion of a substrate is carried, or the coefficient of thermal expansion of the insulating circuit board 
of the product made from an alumina and alumimium nitride again, and the thermal stress produced from the 
coefficient-of-thermal-expansion difference in an interface is reduced, it is based on the organization destruction by 
the thermal fatigue produced [ especially ] from a temperature change, and curves, and peeling is controlled. 
Thereby, the dependability of an electronic instrument can be raised. 

[0006] By unifying the manufacture and the cooling system of a composite substrate which consist of a ceramic, a 
metal, or the carbon material and metal of a low- fever expansion coefficient with a metal with high thermal 
conductivity, it is possible to improve refrigeration capacity. When carrying out especially composite substrate 
manufacture, by casting a cooling system in one, a composite substrate and a cooling system can be stuck without a 
metaled blow hole or an opening, and the improvement effectiveness of refrigeration capacity is large. 
[0007] A cooling system can be installed between two substrates and an electronic instrument can be miniaturized 
by carrying electronic equipment in the both sides. 
[0008] 

[Means for Solving the Problem] The preforming substrate and cooling system which consist of fibrous [ of the 
sintering object of silicon carbide, an alumina, alumimium nitride, and silicon nitride or carbon ] or a sintering 
object of powder are put into metal mold, aluminum, copper, or those alloys are fused, and it casts in high pressure. 
At this process, the hole of a preforming substrate serves as a composite substrate which is filled up with a metal 
and consists of a ceramic or carbon material, and a metal, and a cooling system and a composite substrate unite it 
with coincidence. Or the composite substrate and cooling system which were manufactured separately are joined by 
the metal, for example, a metal low, solder, or the metallic foil. 

[0009] In this invention, the pr eforming substrate material of the alumina used and alumimium nitride is what 
sintered the raw material of the shape of fine particles, fibrous, or felt, and the mixture of the sintering material of 
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glassiness, and porosity is 5% or more less than 50% of thing. 

[0010] In this invention, the pr eforming substrate material of the carbon material used is what sintered the mixture 
of the raw material of the shape of fine particles, fibrous, or felt, resin, or coal-tar pitch sintering material, and 
porosity is 5% or more less than 50% of thing. 

[001 1] The pore diameter of a preforming substrate is distributed over hundreds of microns from submicron one. In 
order to fill up with the metal which fused this pore, it is necessary to make the pressure of molten metal into 
200kg/cm2 or more per ram cross section 1500kg/cm2. 

[0012] In order to unify a preforming substrate and a cooling system without an opening, it is necessary to make the 

pressure of molten metal into 200kg/cm2 or more per ram cross section. 

[0013] 

[Embodiment of the Invention] 

[0014] Hereafter, the gestalt of implementation of invention is explained with reference to the drawing based on an 
example. The components which built temporarily the pipe which are a preforming substrate and a cooling system, 
and were unified are put into metal mold after a preheating. Molten metal is put into this metal mold, and it 
pressurizes with a press machine. This condition is maintained for 30 minutes and a cast is picked out from metal 
mold after that. The grinding process of the components unified from this cast is carried out. The basic arrangement 
is shown by drawing 1 . 

[0015] Hereafter, although an example explains this invention further, the technical range of this invention is not 
limited to this. 

Example 1 artificial-graphite material is started and two preforming substrates with die length of 100mm, a width of 
face [ of 100mm ], and a thickness of 10mm are manufactured. The slot of the shape of a semicircle with a diameter 
of 12mm is cut to a preforming substrate. It carries out [ tacking ] on both sides of the stainless steel pipe of 9.5mm 
of appearances orthopedically operated beforehand according to this slot with two preforming substrates. An 
aluminum (JISAC4CH) molten metal is poured out in the inside of metal mold, and this is cast in pressure 500 
kg/cm2, and carries out after [ cooling ] cutting, and it considers as components. ( Drawing 2 ) 
[0016] The Plastic solid which calcinated example 2 silicon carbide with high-melting glass is cut down, and the 
slot of the shape of a semicircle with a diameter of 12mm is cut to a preforming substrate with die length of 
100mm, a width of face [ of 100mm ], and a thickness of 10mm. It carries out [ tacking ] of the stainless steel pipe 
of 9.5mm of appearances orthopedically operated beforehand according to this slot. The aluminum (JISAC4CH) 
which and fused this is poured out, after [ cooling ] cutting is cast and carried out by the pressure of 500 kg/cm2, 
and it considers as components. [ aluminum ] [ of metal mold ] ( Drawing 3 ) 

[001 7] A slot with die length of 50mm, a width of face [ of 1mm ], and a depth of 2mm is cut with 20 2mm pitches 
to a preforming substrate with die length of 50mm, a width of face [ of 50mm ], and a thickness of 10mm from the 
substrate manufactured by going to a grain direction direct and cutting the graphite composite which the carbon 
fiber has arranged to example 3 one direction. The sheet metal cut down from artificial-graphite material with die 
length of 50mm, a width of face [ of 20mm ], and a thickness of 0.9mm is fitted over this slot, and it carries out 
[ tacking ] to the mold manufactured with steel materials through a release agent. An aluminum (JISAC4CH) 
molten metal is pour ed out in the inside of metal mold, and it casts in pressure 500 kg/cm2, and this is taken out 
from the mold after cooling and carries out cutting. ( Drawin g 4 ) 

[0018] In the example 1 and the example 2, when the cutting plane was observed under the microscope, aluminum 
was completely filled up with the opening of preforming. Moreover, it filled up with aluminum without the opening 
between the stainless steel pipe and the substrate, and it was unified. 
[0019] 

[Effect of the Invention] This invention produces the effectiveness indicated below. 

[0020] The coefficient of thermal expansion of a substrate side became close to the coefficient of thermal expansion 
of the silicon to which it is joined by 7xl0-6/degree C in 5xl0-6/degree C and the example 2, and it is joined by the 
substr ate side at 10xl0-6/degree C by the example 3 with the substrate of an example 1, an alumina, and 
alumimium nitride. 

[0021] The thermal conductivity of a substrate can use it by 200 W/m-K with the substrate of an example 1, and can 
use it as those with 400 W/m-K, and a substrate in 120 W/m-K and the example 3 by the example 2. 
[0022] There is no junctional zone of solder with the low thermal conductivity for joining a substrate, a cooling 
pipe, or a fin, wax material, and resin, and there is no opening in an interface, and heat conduction is good. 
[0023] Both sides of the cooling system of an example 1 are used as a substrate, and the occupied volume of 
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electronic equipment can be decreased by carrying electronic equipment in both sides. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Dr awings] 

[Drawing 1] It is the setting location Fig. of a prototype. 

[Drawin g 2] It is the flat surface and elevation of the components for liquid cooling where both sides made as an 
experiment in the example 1 serve as a substrate. 

[Drawing 3] One side made as an experiment in the example 2 is the flat surface and elevation of the components 
for liquid cooling used as a substrate. 

[Drawing 4] One side made as an experiment in the example 3 is the flat surface and elevation of components used 
as the fin for air cooling. 
[Description of Notations] 

1 Prototype 

2 Fused Metal 

3 Ram of Press Machine 

4 Metal Mold 

5 Composite Preforming 

6 Metal 

7 Pipe 

8 Sheet Metal (it Becomes Fin) 

9 Mold 
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DRAWINGS 
[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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[Drawing 4] 
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